Contemporary ubiquitous information systems combine efficiently context-aware and peer-to-peer communication concepts. This paper introduces a novel mobile peer-to-peer (P2P) navigation application, NaviP2P. In addition to basic navigation functionalities such as GPS positioning, showing the user location on the map, scrolling and zooming of the map view, the application leverages P2P group communication to portray peer group members' availability information on the map for starting supported application sessions. In this feasibility study, the current status of the application prototype is presented with a quantitative latency and cost analysis. End-to-end latency budget is outlined and different map storage and distribution solutions are compared to analyse communications and implementation feasibility.
I. INTRODUCTION
A new wave of emerging location-and context-aware mobile applications has potential to become the long waited killer applications for 3G and beyond 3G networks. When integrated with group based communication concept, the potential is further increased. Navigation applications have become in wider use as the prices of devices and software have decreased.
Worldwide mobile technology development is pushing location-based technologies and standards. One example is IETF GEOPRIV [1] work that has defined PIDF-LO (Location Object) based on presence information data format (PIDF) [2] . These objects may be carried by SIP [3] . Cellbased location systems have also been deployed, to both cellular (e.g., 3GPP) and wireless local area systems (e.g., Ekahau).
All navigation software on the market uses vector graphics, because of their scalability and small size compared to raster graphics, i.e., bitmap images. There are two different map source solutions. On-board solution means that the maps are stored on local memory, e.g., mobile phone memory card. Off-board solution means that the maps are downloaded over the network (e.g., GPRS connection) from a map server. Commercial approach has been the on-board solution or a hybrid of these two, because the network speed and cost efficiency has not been sufficient, a fact that we also noticed in our studies.
At the same time, peer-to-peer applications have emerged as the dominant Internet applications, already consuming most of the bandwidth of fixed broadband connections. The success of Skype has proved the market potential and legitimacy of P2P concept. Skype provides VoIP calls between peers and implements instant messaging.
Navigation application combines the two above mentioned market driving forces in a Symbian smartphone based implementation. Peer-to-peer is a natural choice for this application, because in real life, humans have peer-like relations. Peer-to-peer has some advantages over clientserver: It is more scalable, and it does not have a single point of failure.
Navigation application, or NaviP2P, is built on top of PnPAP middleware [4] . The architecture is presented in Fig.  1 . Most of the intelligence of the architecture is contained within this middleware. PnPAP provides connections, context data and peer group management, and communication for the different applications, not just navigation application. The ultimate goal is that NaviP2P will be a user interface, which can be replaced by another, even a commercial solution.
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The current version of NaviP2P provides stripped functionality of a commercial navigation application, that is, GPS positioning, showing the user location on the map, scrolling and zooming of the map. PnPAP provides NaviP2P the context data it needs to be able to show the map and peer group member locations to the user. PnPAP provides also support for supersession start-up. Supersession means the optimized, flexible usage of sessions between different applications and different peer group members. Supersessions can flexibly combine different media streams depending on the devices' capabilities. This involves shared usage of sessions and start-up of applications from each other. In the future, NaviP2P may be used to start other applications and sessions between these applications over the network using PnPAP intercommunication.
Chapter II describes a use case example. Chapter III provides functional description. Chapter IV shows some numbers about the performance of the application. The results are discussed in Chapter V. Finally, everything is concluded in Chapter VI.
II. USE CASE EXAMPLE
A use case example, illustrated in Fig. 2 , clarifies the use of NaviP2P and PnPAP and their intercommunication, including supersession start-up.
Alice (User A) is using her mobile phone facilitated with PnPAP middleware platform and NaviP2P. She belongs to a peer group called "Pregnant mothers of the city centre". Betty (User B) is also a member of this peer group. She also has PnPAP middleware platform and NaviP2P installed. Alice starts NaviP2P and goes to the map view. She sees not only her location on map, but also the location of other peer group members, including Betty, who is waiting on a bus stop 100 meters away from the Alice. Alice has an article about Caesarean section on her mobile phone and the article is shared in Mobile FileSharing application. She wants Betty to see that article too. Alice selects Betty on the map and displays the menu. In the options menu, she chooses one of the different interaction types: FileSharing. FileSharing application starts and Alice is able to notify Betty about the article and ask her to download it.
If Betty does not have the FileSharing application, ACPC (Agile Content Push Control) can be used to offer her the application [5] .
III. FUNCTIONAL DESCRIPTION
There are two main activities in P2P NaviP2P: presenting peer group members with their locations on the map and starting up supersessions with them. The first activity has been fully implemented in NaviP2P. In the current version, PnPAP provides hard-coded peer group member location data, not real context data from other PnPAP nodes. The second activity still misses the support from the PnPAP platform side. NaviP2P has the required structures for supersession start-up.
PnPAP nodes intercommunicate over a specific protocol, in order to exchange context data. Most probably, we will be using SIP because there are applicable network infrastructure and open source software available. One of possible context types is presence which will be propagated in PIDF format. The details of PnPAP intercommunication are not in the scope of this paper.
A. Peer Group Members on the Map
PnPAP provides context data for NaviP2P, so that the application is able to show peer group members on the map. PnPAP decides where to obtain context data, especially location information, and what context data to provide for the application. In the future, it is up to NaviP2P to decide whether to use on-board or off-board solution for map storage (introduced in Chapter I). The goal is that NaviP2P functions only as an interface for the user to be able to get an illustrative presentation of the current peer group.
The process of drawing the map in NaviP2P with peer group members on the map may be divided into four steps: retrieving GPS data from GPS device via Bluetooth, converting NMEA formatted location data into local Finnish coordinate system [6] , downloading a map over HTTP via GPRS, and depicting peer group members' coordinates provided by PnPAP.
In the first step, GPS device provides NMEA-formatted GPS coordinates. PnPAP has the required modules to handle GPS devices via Bluetooth connection. NaviP2P uses PnPAP to get GPS coordinates from the Bluetooth GPS device.
In the second step, the coordinates obtained from the GPS device have to be converted from the NMEA data format provided by the GPS device into a local Finnish coordinate system used by the map server. The conversion code was ported from the provided Java code [6] to the Symbian C++ platform. NaviP2P provides an experimental evaluation of these conversion formulas on a mobile Symbian platform. They were found out to be working in practice.
The third step, downloading a map over HTTP, is needed, because NaviP2P is based on an off-board solution. Reason for this is that there is a publicly available map of the city of Oulu over HTTP. Therefore, NaviP2P also uses bitmap-based maps instead of commercially promoted vector graphics. Since we were not making a commercial application but rather an application for demonstration purposes (especially supersession start-up), the bitmap-based maps are sufficient. NaviP2P downloads the map image files over HTTP via GPRS connection. As there will be more connection types (e.g., WLAN) available, they may also be used. Then PnPAP will handle choosing the appropriate connection type.
For a faster user experience, NaviP2P can cache five images per each of the five zoom levels, that is, 25 images at maximum. Scrolling and zooming are smoother when the maps are fetched from the cache instead of over HTTP.
PnPAP provides an API for the application to get context information of other peers, if the other peers have allowed this information to propagate inside the peer group in question. PnPAP handles the propagation of context information inside peer groups, through inter-PnPAP communication.
Security has not been in focus during our research yet. However, the dangers of leaking context information occasionally to unwanted parties are alleviated by the fact that the information will soon be obsolete. E.g., location may be outdated in a few minutes, whereas a leaked social security number never outdates. To prevent continuous leaking of context information, data streams between peers may be observed and the data itself should be encrypted. The current NaviP2P implementation status is shown in Fig. 3 . PnPAP inter-communication has not been implemented yet in terms of conveying contextual information. In the current version, PnPAP provides hardcoded context data for NaviP2P.
B. Supersession Start-up
Supersession start-up will be the key element of NaviP2P. The user may select one or many of the peer group members and start another application session with them. This is called supersession start-up. The messaging and the start-up itself are handled by PnPAP platform. The available interaction types are provided as a part of context information. They are shown to the user and the user can select the appropriate one, e.g., chat, file sharing, or a phone call.
Supersession is started by choosing the desired peer(s) from the map and selecting appropriate menu option, e.g., "Share files". Now NaviP2P informs the PnPAP that supersession has to be started. PnPAP takes care of session start-up, launching the applications and handling the communication between applications.
The current version of NaviP2P has the architecture required for supersession start-up. Implementation of supersessions with PnPAP is currently under progress and is analysed in more detail in [7] .
IV. LATENCY AND COST ANALYSIS

A. Latency Budget
The latencies sum up in Table 1 . User interaction delays are rough estimates. Technical delays, originating from the various components of the architecture, were obtained by running ten tests in each phase and calculating the average. The Symbian mobile phone and GPS device are assumed to be up and running, and the software installed.
It is worth noticing that major delays on application startup only occur once (marked with x in Table 1 ). Conclusion is that the map retrieval latency makes up the major part of technical delay. If on-board solution was used, the map retrieval latency would be reduced approximately to zero. Off-board solution is preferable, if there is not enough on-board memory available for map files or up-to-date map information is crucial. Because the map files in this implementation are raster (not vector) graphics, memory usage is profligate, although they are compressed GIF images. The GIF image format is the best solution for these kinds of images (large equally colored areas with sharp edges). GIF does best on images with few colors. Compared to JPEG, GIF is better, because it is lossless and even compresses these kinds of images in smaller size [8] .
B. Application Start-up Latency
NaviP2P start-up latency comprises the latencies for establishing GPRS and Bluetooth connections, and logging in a peer group. The total application start-up latency is formulated in (2) .
The total amount of latency could be reduced by multitasking. The start-up latency in threaded version would be as presented in (3 In the most advanced phase, the PnPAP platform handles all connections and peer group login operations. Probably then these two connections would already exist by the time application starts, so the start-up latency would be reduced to near zero.
The login latency was measured by having PnPAP join into a peer group. The peer group in this case was a DC++ hub Error! Reference source not found.. The latency produced by contacting a DNS server was not taken into account, but its effect on the total login latency is not crucial.
C. Map Retrieval Latency
Map retrieval latency means the time to move a map file (GIF image) over the network. The screen resolution on the Symbian phone we used was 159x176. The maximum size of an image file for this color mode is about 16 kbytes (widest zoom with many details), whereas the minimum is only 1 kbytes (on the sea with just one plain color). In normal use there are always details showing, so the average image file size may be approximated to 10 kbytes. However, this greatly varies according to the zoom level. The nominal speed of GPRS is 43 kilobits/second = 5,375 kilobytes/second. Thus, the average latency on nominal data rate would be less than 2 seconds. However, in real world the nominal data rates cannot be achieved. In our measurements, the map retrieval latency was approximately 3.5 s. The latency will be reduced as faster connections, such as UMTS, are taken into use.
D. Map Conversion and Drawing Latency
On a mobile device, even an image conversion might be a major contributor to the latency because the limited resources slow down the conversion. The image is converted from GIF to MBM (Symbian's own format for raster graphics). The new versions of Symbian OS and the SDKs include their own image conversion libraries by which this task could have been done with less latency. However, with our older conversion library the latency was not a big factor either. The conversion latency was measured to be 0.2 s.
The peer group members have to be drawn on the correct position on the map. Mostly the drawing latency consists of drawing the map, but the peer group members add to the latency especially in NaviP2P, where the application itself handles the coordinate conversions. In future version of NaviP2P, the coordinates are to be obtained from PnPAP. In NaviP2P, the latency was 0.1 s.
E. Cost Budget
With some pricing models, the off-board solution cost increases linearly as a function of megabytes (the leading Finnish mobile phone operator, TeliaSonera, has a default pricing model of 6 €/megabyte). On the other hand, there are also flat-rate pricing models, where the off-board usage may create additional cost, e.g., after a certain threshold in data (e.g., 100 MB) is exceeded. For the sake of clarity and to emphasize the difference between on-board and off-board solution costs, the first pricing model is used. The on-board solution only requires the initial purchase of a memory card. Thus, the cost of an on-board solution remains constant over time. Based on our calculations of single map image file size, we have approximated that the whole city map takes about 16 Mbytes. The currently available RS-MMC (reduced size multimedia card) memory cards can easily accommodate such data with an affordable price. For example, the smallest size memory card at the market is 64 megabytes that can be currently obtained from Finland with the average price of 17 € [10] .
As we can see in Fig. 4 , the cost of an on-board solution remains constant, whereas the cost of an off-board solution keeps growing as the application is used. The intersection in Fig. 4 is found by resolving data from the equation (4) . As the usage goes beyond this point, the on-board solution is the more cost-efficient one of these two solutions.
The point of 2.8 megabytes is reached after 280 map downloads, because the average image file size was found out to be approximately 10 kilobytes, when all the zoom levels are equally used. (In practise, the closer zoom levels are probably more frequently used, so the average image file size would be smaller, as the image file sizes of the closer zoom levels are smaller than those of the outer zoom levels.) Therefore, it is justified to use off-board solution only when the use of navigation application is minimal or there is some added value service, e.g., information about roadwork or traffic jams over network connection. Thus, the off-board solution is more flexible, whereas the on-board solution is more reliable, since any disruption of server or network does not affect the system.
V. DISCUSSION AND FUTURE WORK
People should be able to think navigation software as a natural extension to their everyday human relations. Before navigation software, you could call them or send instant messages; in the future, you can also see their location and other contextual information on the map.
Privacy issues are very important considering contextual information propagation within a peer group. The key players are the users, the service providers and the mobile operators. In policy-based privacy control, the service provider defines how detailed location information it needs for its service. If the user has authorized the use of sufficiently detailed location information, then the service provider may use this information for this specific service [11] .
In case of cellular positioning, the mobile operator needs authorization from the mobile user to propagate location information. On the other hand, in case of user based positioning, e.g., GPS, no operator is involved, and the user is responsible for his own privacy.
Within a peer group, some of the users probably lack possibilities to provide location information (no positioning method available) or do not want to share their location information at all. Will this lead to general involuntariness for propagating context information, because the contextpropagating users may feel that the non-propagating users are getting undeserved benefit? Another issue is if the user is allowed to forward the context information received from a peer to other peers in that group, or to even another peer group? Future research includes studying these aspects of P2P networking.
After PnPAP has been developed to support intercommunication and supersessions between peer group members, end-user testing will be used to clarify user needs and expectations. Also, reliability has to reach a certain level before the software is qualified for the end-user testing.
VI. CONCLUSIONS
In this paper we have presented a feasibility study of a mobile peer-to-peer navigation application. A novel application prototype, NaviP2P was introduced. It provides a contextaware graphical user interface that makes interaction within peer group easier and more illustrative. For analysing the feasibility, experimental and analytical results were used based on both prototype implementation and quantitative reasoning. Latency and cost analysis showed that the use offboard solution is feasible only when the use of navigation application is limited. On-board solution is clearly more reliable, since any disruption of server or network does not affect the system. For heavy usage, on-board is more costefficient and faster in use. Still, off-board solution provides more flexibility and options for updating the map content and added value information. On the other hand, in case of user based positioning, e.g., GPS, no operator is involved, and the user is responsible for his own privacy.
In summary, this feasibility study provides new insight in combining navigation and peer-to-peer application development and research. In the future, more studies and optimizations are needed to further improve the system performance and reduce the communication and interaction latencies. PnPAP will be developed for to be able to perform end-user testing which will clarify user needs and expectations.
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